Objectives: To characterize a multi-institutional cohort of children with chronic respiratory failure that use long-term, non-invasive respiratory support, perform a time-to-event analysis of transitions to transtracheal ventilation and identify factors associated with earlier transition to transtracheal ventilation.
| INTRODUCTION
Over the last few decades, the use of long-term, non-invasive respiratory support has increased in children with chronic respiratory failure and may be outpacing the use of invasive, transtracheal ventilation.
1,2 Non-invasive respiratory support includes continuous positive airway pressure (CPAP) and bi-level positive airway pressure (BPAP) delivered through a non-invasive interface that increases proximal airway pressure. 3 Anecdotally and from a few single-center studies, 4, 5 it is known that some patients initiated on non-invasive respiratory support with severe or progressive conditions ultimately cannot be supported by it and need to be transitioned to transtracheal ventilation. However, multi-institutional data on how often, when, and which patients transition from non-invasive support to transtracheal ventilation are lacking.
The lack of this data describing transitions to transtracheal ventilation is an obstacle to appropriate care planning and to realistic anticipatory guidance for patients and families. To address this gap in knowledge, we sought to characterize a multi-institutional cohort of children using long-term, non-invasive respiratory support and to perform a time-to-event analysis of those who transition to transtracheal ventilation.
| METHODS
A retrospective cohort study of pediatric patients using long- time of data submission, and data are subjected to a number of reliability and validity checks before being included in the database. For this study, data were used from 46 hospitals that contributed data during the study period.
Patients were included in this study if they had one or more inpatient admissions during the study period, had a chronic condition that is associated with chronic respiratory failure, and were discharged using non-invasive respiratory support to home or to a non-acute care facility (eg, chronic care facility). Chronic conditions associated with chronic respiratory failure were identified using International Classification of Diseases, Ninth
Revision, Clinical Modification (ICD-9) codes (Supplementary Table S1 ).
Transition to transtracheal ventilation was determined using ICD-9 or CTC codes associated with tracheotomy, tracheostomy complications, or tracheostomy placement following the index discharge (Supplementary Table S1 ). Date of transition was determined using the earliest date that these CTC codes or ICD-9 codes were present. Cumulative incidences of transitioning at 2 and 5 years were reported.
Demographic and clinical characteristics of patients at index discharge were described. Demographic characteristics included age, gender, race, ethnicity, and insurance status. Chronic, comorbid conditions were discerned using ICD-9 codes and reported. Other clinical characteristics included whether the hospitalization was elective, length of stay, and year of index discharge. Hospital size and region where index discharges occurred were also described. 
| RESULTS
There were 3802 patients who met inclusion criteria. This cohort contributed 8628.5 patient-years of data, assuming that these patients were followed until age 21 at the same hospital as their index discharge, and had 10 339 discharges on non-invasive respiratory support.
Additional patient demographic characteristics are presented in Table 1 . The median age at index discharge was 10.4 years (IQR 4.1-14.9). Age at index discharge had bimodal peaks occurring during infancy/toddler years and adolescence (Supplementary Figure S1) .
The majority of patients were of white race (60%) and non-Hispanic/ Latino background (73%). Most patients had government insurance (56%). Twenty-nine percent of index hospitalizations were elective.
A total of 11% of patients had an inpatient sleep study some time during their index hospitalization, with 1.4% having a sleep study within the first three days of an index hospitalization. Patients had a median of one chronic, comorbid condition (IQR 1-2), most frequently neurologic disorders (46%) and cardiac disorders (36%)
(Supplementary Table S2 ). Detailed data for specific comorbid conditions of the cohort are shown in Supplementary Tables S2-S5 .
At index discharge, 48% of patients required CPAP while 52% required BPAP. Four hundred fifty-seven (12%) patients were admitted on respiratory support (eg, CPAP, BPAP, or mechanical ventilation) during their index hospitalization.
Three hundred thirty-seven children (8.9%) transitioned to transtracheal ventilation. These patients' index discharges were at younger ages than the overall cohort (7.8 years, IQR 2.6-12.5).
These patients transitioned to transtracheal ventilation at a median age of 9.3 years (IQR 4.2-14.5) and at a median time of 11.5 months (IQR 4.6-26.0) post-index discharge. Accounting for competing risks, the 2-and 5-year cumulative incidences of transition to transtracheal ventilation were 6.3% (95% confidence interval [CI] 5.6-7.1%) and 8.5% (95%CI 7.7-9.4%), respectively.
Neurologic (58%) and neuromuscular disorders (39%) were most common in this group (Supplementary Table S2 ). Cumulative incidence function curves for transition to transtracheal ventilation for all patients and by comorbidity categories are depicted in Supplementary Figure S2 . Median time to tracheostomy and median time to death were less than 2 years for most comorbidity categories ( Table 2, Supplementary Table S5 Tables S2-S5. 7.6% of patients requiring transtracheal ventilation had previously required non-invasive respiratory support. The median age of index discharge and bimodal distribution of ages of our cohort was similar to that reported in Edwards et al, 6 Chatwin et al, 9 and Amin et al 4 and is consistent with the pathophysiology of chronic respiratory failure. 13 This study augments previous ones by being multi-institutional, concentrating on transitions to transtracheal ventilation (as opposed to mortality), and providing granular data on multiple disorders associated with chronic respiratory failure.
These data can improve clinicians' ability to provide anticipatory guidance to families on the likelihood and timing of possible outcomes of children who are initiated on long- we assumed patients continued to receive their care at their index institution. However, many complex patients tend to receive their on-going care in their respective regional, tertiary center. 16 Fourth, the age at which PHIS hospitals transition their patients to adult programs is not known and likely varies. Therefore, some study patients 
| CONCLUSION
The use of long-term, non-invasive respiratory support in children with chronic respiratory failure is increasing. While we may be becoming more successful managing these children, some of these children ultimately cannot be supported non-invasively, forcing a decision of whether to transition to transtracheal ventilation. This situation demands that patients and families be aware of the possibility of this outcome; clinicians need robust data to inform and guide their decision-making and advance care planning. As long-term, noninvasive respiratory support use continues to increase and to be used for more complex patients, further study of the outcomes of children with chronic respiratory failure using non-invasive support will be needed to guide care, counseling, and decision-making.
